In a PACS environment, the display is the last ring in the medical imaging chain and its specifications affect the displayed image quality, as the clinical setting and the ambient lighting condition do. If disregarded, it can represent a bottleneck degrading the final quality of reporting. Moreover, the usage of digital imaging is spreading outside radiology, from operating room to every other department. The spread is pushed on one side by the fact that, to be the correct visualization device to take clinical decisions on a DICOM image according to the European Directive 2007/47/CE, the display should be a 2 class medical device with coherent intended use, on the other side, by the fact that more and more clinicians outside radiology, leveraging the high and easy availability of digital images, are including the evaluation of images over the radiologist's report in their routine activity, in order to correlate his findings to the specific clinical situation. The situation of Azienda Ospedaliero-Universitaria in Trieste (AOUTS) is considered. It's a modern 800 bed hospital housing more than 90 medical displays used to support clinical decisions. Such a critical task cannot leave out periodical checks of the displays, aimed to assessing whether the system is up to the ask, and, the more the number of displays is increasing, the most raises the need for human resources for maintenance e management. Also in AOUTS, according to the international guidelines, such as AAPM TG18, physicists periodically evaluate the quality of the display, while the IT staff, as a part of the activity of administering the PACS system, is evaluating software tools for less demanding evaluations. This work reports and discuss the analysis of a tool for the remote monitoring of quality and performance of medical displays. The goal was to determine if the data collected and presented by the tool could be meaningful for IT staff, if data is consistent with the past manual checks and if could lead to savings in the cost of ownership (TCO) of the displays, which at the end reflects in a contribution to better care giving. Methods All the workstations in AOUTS are provided with NDS displays. The NDS quality evaluation system is made by a client software, installed as a service, called CXtra on each workstation, which takes care to control the display and collects its data, and a server application, called Dashboard, which centrally collects data from the CXtra applications and manages the medical-imaging displays. Running the systems, two analysis were conducted. One to verify if the software client could save some physicist's time in performing the quality control test, the second to verify how the collected data could serve as decision support tool for display maintenance. In the first analysis, the automation of the software for measuring the DICOM GSDF conformance was quantitatively tested and compared to the results of routine manual tests. The data collected was also used in comparison to the last years manual controls to evaluate its consistence. In addition, the feature for the compensation and correction of the ambient illumination was tested using AAPM TG18 test patterns. The second analysis concerned the data collected by the system: white level (measured as cd/m 2 ), black level (cd/m 2 ), contrast ratio, the amount of compensation for ambient illumination, the number of hours of the backlight and the timing for activation of the backlight saver function. Results The analysis of the client software demonstrates that the automation implemented could reduce the time requested for the physician to verify the calibration of the displays: mainly in automating the measurement task and the processing to calculate conformance or unconformance with DICOM GSDF. The automation of tests recommended of AAPM TG18 could save other time, even simply providing easy access to patterns. Measures showed to be consistent over time, and this allowed to include the automation into the AOUTS quality control protocol.
Purpose
In a PACS environment, the display is the last ring in the medical imaging chain and its specifications affect the displayed image quality, as the clinical setting and the ambient lighting condition do. If disregarded, it can represent a bottleneck degrading the final quality of reporting. Moreover, the usage of digital imaging is spreading outside radiology, from operating room to every other department. The spread is pushed on one side by the fact that, to be the correct visualization device to take clinical decisions on a DICOM image according to the European Directive 2007/47/CE, the display should be a 2 class medical device with coherent intended use, on the other side, by the fact that more and more clinicians outside radiology, leveraging the high and easy availability of digital images, are including the evaluation of images over the radiologist's report in their routine activity, in order to correlate his findings to the specific clinical situation. The situation of Azienda Ospedaliero-Universitaria in Trieste (AOUTS) is considered. It's a modern 800 bed hospital housing more than 90 medical displays used to support clinical decisions. Such a critical task cannot leave out periodical checks of the displays, aimed to assessing whether the system is up to the ask, and, the more the number of displays is increasing, the most raises the need for human resources for maintenance e management. Also in AOUTS, according to the international guidelines, such as AAPM TG18, physicists periodically evaluate the quality of the display, while the IT staff, as a part of the activity of administering the PACS system, is evaluating software tools for less demanding evaluations. This work reports and discuss the analysis of a tool for the remote monitoring of quality and performance of medical displays. The goal was to determine if the data collected and presented by the tool could be meaningful for IT staff, if data is consistent with the past manual checks and if could lead to savings in the cost of ownership (TCO) of the displays, which at the end reflects in a contribution to better care giving. Methods All the workstations in AOUTS are provided with NDS displays. The NDS quality evaluation system is made by a client software, installed as a service, called CXtra on each workstation, which takes care to control the display and collects its data, and a server application, called Dashboard, which centrally collects data from the CXtra applications and manages the medical-imaging displays. Running the systems, two analysis were conducted. One to verify if the software client could save some physicist's time in performing the quality control test, the second to verify how the collected data could serve as decision support tool for display maintenance. In the first analysis, the automation of the software for measuring the DICOM GSDF conformance was quantitatively tested and compared to the results of routine manual tests. The data collected was also used in comparison to the last years manual controls to evaluate its consistence. In addition, the feature for the compensation and correction of the ambient illumination was tested using AAPM TG18 test patterns. The second analysis concerned the data collected by the system: white level (measured as cd/m 2 ), black level (cd/m 2 ), contrast ratio, the amount of compensation for ambient illumination, the number of hours of the backlight and the timing for activation of the backlight saver function.
Results
The analysis of the client software demonstrates that the automation implemented could reduce the time requested for the physician to verify the calibration of the displays: mainly in automating the measurement task and the processing to calculate conformance or unconformance with DICOM GSDF. The automation of tests recommended of AAPM TG18 could save other time, even simply providing easy access to patterns. Measures showed to be consistent over time, and this allowed to include the automation into the AOUTS quality control protocol.
The evaluation of ambient luminance compensation was performed by a series of visual tests (using specific AAPMTG18 patterns) by three different observers. It showed that the quality of dark details was nearly unaffected by such settings, that the compensation of ambient luminance causes little alteration in the curve of conformance and that a probably dangerous reduction of a contrast ratio (but it remains complying with AAPM TG18 tolerance), which seems at the end to represent the loss of perception of dark details by an observer in a room without proper illumination. This suggests to use the Dashboard to modify the calibrated maximum luminance over the reccomended settings according to the ambient luminance in order to recover the contrast ratio.
Collected data showed to be useful for several improvements in the management of the displays. Basically, the data on backlight activity, like luminance level, and the backlight saver function can be monitored across all the displays, guarantying the maximum extension of display life, but, more interesting, historical statistics on the collected data could reveal at least three information: if the display degrading abnormally(due to bad use or physical defect), estimated life (when it would reach its end of life) and how much each display (and the corresponding workstation) is used from the operators. This synthetic information could be extremely useful to plan the acquisition of the displays or to redistribute them in the hospital and to foresee failures. Conclusion First, the consistence of measures with automatic and manual methods allowed to include the automation into the AOUTS quality control protocol, saving time for evaluation on-the-field. Then, centralized monitoring of the proposed parameters showed to be useful to reduce TCO of the medical displays in AOUTS, mainly by saving the cost of human resources for their quality and performance controls. With this tool, IT staff could plan and verify the investments for the medical displays without a periodic physical inspection of each display.
Anyway, several limitations have been reported during the deployment of the systems. Until not solved, they are obstacles for taking advantage of its full potential and reduce the convenience of its implementation. First, it would be more interesting the possibility to centralize the results of AAPM TG18 pattern tests, that nowadays are available only in local workstation. So, in this way, the Dome Dashboard could be a repository for documentation of quality control, historical evaluation e for planning the future checks.
Then companies in the medical device market use to pay little attention to informatics. In this case, the difficulties for deploying and upgrading the software, caused by the unavailability of remote installation and configuration, could vanish the saving for TCO obtained with the implementation of the monitoring system.
The indirect quantitative evaluation of the loss of perception of dark details due to ambient illumination, strongly underlines the importance of a correct viewing environment. Ambient luminance, Veiling glare and ambient light reflection substantially degrade image quality reducing contrast ratio and hiding black details.
Finally, as PACS is entering to the operating room (OR), in-wall or hanging-wall IP65 PACS stations with color displays are a common solution to comply with hygienic and electric safety requirements. Since usually no one of these has the same LCD panel electronics of reporting displays, they cannot be monitored with a single software system. Some vendors claim this function, so future work should investigate both this possibility and how the quality evaluation of color displays should be performed.
Defining and Formalizing: a synthesized review on the multifactorial nature of PACS performance R. Van 
Purpose of study As investments in healthcare are expanding and medical imaging technology are maturing, the need for structured measurement approaches and holistic evaluation methods is expanding. The wider adoption of Technology Assessments (TA), and the fact that hospitals are re-evaluating their current PACS implementations, reflects this demand. No recognized work structurally defines what PACS performance constitutes, however. Based on TA models for diagnostic imaging technology and levels of (clinical) efficacy [1] [2] [3] , and balanced evaluation models [4], we define PACS performance as: the multi-factorial impacts and benefits produced by the application of PACS in terms of hospital efficiency and clinical effectiveness with respect to PACS workflow and patients' clinical journey. In this paper, the authors review PACS performance according to a predefined literature search protocol, and apply a meta-analytic approach that synthesizes these sources. Methods Structured literature review A structured literature review on PACS performance started in June 2009 and finished in October 2009. We executed several structured queries using keywords in the interconnected academic search engines for electronic journal articles at Utrecht University (the Netherlands). Thousands of digital journals from different disciplines and over 16 million journal articles are searched. Next, manual and snowball searches within key journals were also performed for the retrieval of related PACS studies. After applying several inclusion criteria based on key publications and positioning papers on PACS, a total of 37 papers were included for review purposes. All papers were published between 2000 and 2009. User satisfaction User satisfaction on the current user interface and functionality of the PACS S170 Int J CARS (2010) 5 (Suppl 1):S169-S172
Meta-analytic synthesising
In order to synthesize the retrieved studies, we followed a qualitative meta-analysis approach [5] [6] . The process of meta-synthesis used in this study applies a approach by three interrelated processes: (1) metatheory, (2) meta-method and (3) meta-data-analysis. This method is used to define multi-facetted aspects of PACS performance, and provide an infrastructure (i.e. framework) to operationalise the relationships between a performance construct of PACS and its (maturity) measurement.
Results Table 1 displays the PACS performance assessment framework as the key result of the literature study. From our meta-analytic review of PACS performance literature, four performance constructs are defined, that can be translated into measurements that are representative elements for the maturity performance measurement of PACS.
Conclusion
In this paper PACS performance is defined by a synthesized review of its multi-factorial nature, which is elaborated into an assessment framework. The review of literature sources was undertaken to summarize and synthesize measures that are available for the assessment of PACS in hospitals. The multi-facetted framework constructed can be applied within hospitals to measure the impact of PACS, from both technical and IS/IT perspectives, addressing its organizational efficiency, service outcomes and clinical impact. We argue that this framework is a valuable tool for empirical research and that it is likewise relevant for radiology practice. Drivers are a perceived positive attitude towards Information systems and Information technology and (IS/IT) impact, the adoption of the Health level 7 (HL7) standard, and the functional integration with business functions. Also, investments in training, scale effects (number of beds) and growth (turnover and employee increase) demonstrate a positive relationship with MISIS. These results were subsequently translated into guidelines for improving PACS and related medical IS/IT maturity, applying concepts of strategic alignment and situational growth. As a conceptual basis, four types of alignment between the business and IT domain of hospitals are defined [2] . Two perspectives ('Technology Potential' and 'Competitive Potential') are based on the strategic fit between hospital business and IT, meaning that it will depend on the strategic agenda of senior management if systems like PACS are developed to the higher levels of maturity. The other two perspectives ('Strategy Execution' and 'Service Level') are based on functional integration, meaning that the maturity of medical IS/ Average time-to-display newly acquired images (with full data set of screen)
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Average time-to-display of old images (with full data set of screen) from the digital archive IT is dependent on its fit with the primary processes of the hospital enterprise.
In order to increase their MISIS level (PACS and related medical IS/IT), hospitals can follow different growth paths. These can be considered as a method for managing the transitions that are needed to evolve. These growth paths can either be 'evolutionistic' in nature, in that they develop logically in stages (plateau planning), or 'revolutionary', in that they take strategic 'leaps' in order to evolve to higher levels of maturity. Combining the concepts of strategic alignment and situational growth paths, allow hospitals to align PACS development and hospital strategy in practice. It provides four routes for achieving strategic (business/IT) alignment, and two 'operational' routes, expressed as both evolutionistic and revolutionary growth paths. Conclusion Based on the extended dataset of 834 hospitals in Europe, a Medical Information Systems Maturity Scale (MISIS) can be constructed that can be further applied for measurement or benchmarking IT growth in health care. The data support the hypothesis that hospitals that are mature in their (combined) use of Medical Information Systems, significantly perceive more added value of IT with respect to business functions and operational processes. Technological as well as general hospital characteristics are of importance for achieving high levels on the MISIS. These results appear to be stable over countries, despite the finding that countries within Europe do strongly differ in PACS use and their MISIS level. Consequently, it can be argued that it is relevant to develop a generic measurement tool for IT adoption within hospitals, as well as generic advice instruments to improve a hospitals' medical IS/IT Maturity.
The PACS and medical IS/IT maturity of hospitals are situational as they vary with hospital type, scale, IS/IT capabilities and standards. We encourage hospitals to strategically plan their MISIS level. Central to this planning is the development and alignment of a competitive, long-term strategy concerning PACS and medical IS/IT. This forces decision makers to select a clear strategic direction, by taking the business or the IT domain of the hospital as the anchor point. Secondly, decision makers need to decide how to achieve this goal, given hospital resources and competences. In our view, a desired PACS and medical IS/IT maturity level cannot be achieved without conscientious governance and by addressing a clear strategic direction. This implies that both evolutionistic and revolutionary growth paths are applicable; it also implies careful consideration in choosing a strategic direction. This all sets interesting opportunities for PACS vendors and consultants, but most importantly for hospitals and their decision makers. It is recommended to explicitly and mutually learn from others, and to study good practices while recognising situationality of PACS and medical IS/IT maturity and success. Using IHE XDS, cardiologists from the regional hospitals can share rather than exchange their angiographic, echocardiographic and ECG data sets. Additionally, they can include various reports and forms (PCI, echocardiographic measurements, patient history, etc.).
After treatment, both intervention centers can 'share back' information such as intervention reports and images to the referring cardiologist. Results By using a vendor-neutral IHE XDS implementation, both networks were technically operational after an installation and configuration period in the order of weeks. By using special interfacing software (Forcare B.V., Zeist, the Netherlands), existing clinical information systems (PACS, HIS, etc.) from different vendors (Philips, GE and others) were easily interfaced to the IHE XDS network. No special hardware or equipment needed to be installed in any of the physician's offices.
Because existing systems are interfaced to the network, referring cardiologist publish the information from the comfort of their own cardiac workstation. The submitted patient information was in turn reviewed by the intervention center on their existing workstations. All in all, this setup enables all users to easily share and review a richer set of data in the original full diagnostic quality.
Preliminary data has shown that the time between a patient presenting in the physician's office and the case review in the intervention center has decreased from 2-3 days to 1 day. Conclusion Compared to conventional methods of data interchange, using IHE XDS improves the quality of patient care by providing richer data sets of true diagnostic quality in a more timely manner, while at the same time reducing patient stay and decreasing the workload for the support staff, effectively lowering overall costs of patient care.
